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GRAPHICAL ABSTRACT

ABSTRACT
The objective of this study is to establish the theoretical framework of the concept of sustainable diets, evaluate research trends in the 
field using bibliometric analysis, and analyze food consumption patterns based on data. This study utilized a bibliometric analysis 
method. Keyword networks and thematic concentrations of the relevant publication data were visualized using VOSviewer software.
In the data analysis section, the USDA FoodData Central – Foundation Foods dataset (n = 316) was used as the primary data source. 
Nutritional profile indicators such as the energy density (kcal/100 g) of foods and their protein and fiber densities per 100 kcal were 
calculated; data cleaning, transformation, and statistical analysis were performed in the R Studio environment. Findings indicate a 
positive correlation between energy (kcal) and protein (g), but plant-based foods offer a more balanced and sustainable profile in terms 
of protein density (g/100 kcal). The distribution of the sustainability proxy score (0–100) across food groups revealed that vegetables, 
legumes, and whole grains received higher scores; Pearson correlation analyses showed negative relationships between energy density 
and sustainability and positive relationships between fiber and protein density and sustainability. The bibliometric keyword network 
map (1999–2025 Scopus data) revealed that plant-based dietary patterns are sustainable, and the Mediterranean diet offers a sustainable 
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Sürdürülebilir Diyet Yaklaşımlarının Veri Odaklı Analizi

GRAFİKSEL ÖZET

ÖZ
Bu çalışmanın amacı, sürdürülebilir diyet kavramının teorik çerçevesini ortaya koymak, alandaki araştırma eğilimlerini bibliyometrik 
analizle değerlendirmek ve gıda tüketim desenlerini veri temelli olarak analiz etmektir. Çalışmada bibliyometrik analiz yöntemi 
kullanılmıştır. İlgili yayın verileri anahtar kelime ağları ve tematik yoğunlaşmalar VOSviewer yazılımı aracılığıyla görselleştirilmiştir. 
Veri analizi bölümünde ise USDA FoodData Central – Foundation Foods veri seti (n = 316) temel veri kaynağı olarak kullanılmıştır. 
Gıdaların enerji yoğunluğu (kcal/100 g), 100 kcal başına protein ve lif yoğunlukları gibi besin profili göstergeleri hesaplanmış; veri 
temizleme, dönüştürme ve istatistiksel analiz işlemleri R Studio ortamında gerçekleştirilmiştir. Bulgular, enerji (kcal) ile protein (g) 
arasında pozitif yönlü bir ilişki olduğunu, ancak protein yoğunluğu (g/100 kcal) açısından bitkisel kaynaklı gıdaların daha dengeli 
ve sürdürülebilir bir profil sunduğunu göstermiştir. Sürdürülebilirlik temsili skorunun (0–100) besin gruplarına göre dağılımı, 
sebzeler, baklagiller ve tam tahılların daha yüksek skorlar aldığını ortaya koyarken; Pearson korelasyon analizleri enerji yoğunluğu ile 
sürdürülebilirlik arasında negatif, lif ve protein yoğunluğu ile sürdürülebilirlik arasında pozitif yönlü ilişkiler bulunduğunu göstermiştir. 
Bibliyometrik anahtar kelime ağ haritası (1999–2025 Scopus verileri) genel değerlendirme sonucunda bitkisel ağırlıklı beslenme 
modellerinin sürdürülebilir olduğu, Akdeniz tipi beslenmenin ise sürdürülebilir ve sağlıklı bir diyet örüntüsü sunduğu belirlenmiştir. 
USDA FoodData Central – Foundation Foods veri setine dayalı analizler bitkisel ağırlıklı diyetlerin daha yüksek sürdürülebilirlik 
performansı sergilediğini ve Akdeniz tipi beslenmenin hem sağlıklı hem de sürdürülebilir bir referans model sunduğunu ortaya 
koyarken, bibliyometrik değerlendirme literatürün iklim değişikliği ve bitki temelli beslenme ekseninde yoğunlaştığını göstermektedir.
Anahtar Sözcükler: Sürdürülebilir diyet, Diyet sınıflandırması, Bibliyometrik analiz, Akdeniz diyeti

and healthy dietary pattern. Analyses based on the USDA FoodData Central – Foundation Foods dataset show that plant-based diets 
exhibit higher sustainability performance and that the Mediterranean diet offers a healthy and sustainable reference model, while the 
bibliometric evaluation shows that the literature is concentrated on climate change and plant-based nutrition.
Keywords: Sustainable diet, Diet classification, Bibliometric analysis, Mediterranean diet

Türkiye Diyabet ve Obezite Dergisi İlke Aycan Yıldız, Derya Avan Çınar, Ali Köse Aycan Yıldız İ ve ark. Sürdürülebilir Diyet Yaklaşımlarının 
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INTRODUCTION

In recent years, the role of dietary habits—not only in terms 
of their impact on individual health but also in terms of 
their role in environmental sustainability—has become in-
creasingly important. On a global scale, population growth, 
urbanization, and changing consumption patterns are plac-
ing significant pressure on food production systems and ex-
acerbating issues such as climate change, loss of biodiversity, 
and the depletion of natural resources (1). In this context, 
sustainable dietary approaches that both protect human 
health and reduce environmental impacts are coming to 
the forefront.

Sustainable diets are defined as dietary patterns that are 
nutritionally adequate, culturally acceptable, economically 
accessible, and have a low environmental impact. This ap-
proach recommends increasing the consumption of plant-
based foods, while consuming processed and animal-based 
products in a balanced and limited manner (2). Indeed, 
plant-based dietary patterns have been shown to reduce 
greenhouse gas emissions while also lowering the risk of 
chronic diseases (1).

Sustainable diets, when examined in terms of the relation-
ship between nutrition and health, show that excessive in-
take of sodium, saturated fat, and free sugars is associated 
with many chronic diseases such as hypertension, cardio-
vascular diseases, and obesity. For this reason, the World 
Health Organization (WHO) recommends keeping daily 
sodium intake below 2,000 mg, limiting free sugar con-

sumption to less than 10% of total energy intake, and re-
ducing saturated fat intake (3,4). Conversely, increasing the 
consumption of foods rich in dietary fiber has been shown 
to have positive effects on metabolic health (5,6).

In this context, the Mediterranean diet serves as a strong 
reference point for sustainable dietary approaches. This di-
etary pattern, which emphasizes vegetables, fruits, legumes, 
whole grains, and olive oil, is associated with long-term 
health benefits while improving dietary quality (7). Further-
more, the limited consumption of processed foods and the 
prioritization of natural foods also strengthen this model’s 
environmental sustainability.

The purpose of this study is to examine the nutrient profiles 
of staple foods included in the FoodData Central Founda-
tion Foods dataset and to evaluate them from the perspec-
tive of sustainable diets and healthy nutrition. Through 
analyses based on sodium, dietary fiber, and macronutri-
ents, evidence-based conclusions are drawn regarding a 
sustainable and healthy daily diet.

LITERATURE REVIEW

Scientific interest in sustainable nutrition and dietary pat-
terns has shown a marked increase over the past twenty-five 
years. To observe this increase, the trend in the number of 
publications in the SCOPUS database between 1999 and 
2025 was examined as of January 3, 2026. An examination 
of the trend shown in Figure 1 reveals that while there were 
only a limited number of studies in the early 2000s, the 
number of publications in this field increased rapidly, par-

Figure 1: Changes in the number of publications on sustainable nutrition and diet by year.
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ticularly after 2015. In the period following 2020, a sharp 
rise was observed in the number of studies addressing the 
relationship between sustainability, nutrition, and health. 
This increase is attributed to the growing prominence of 
global climate change, food security, public health issues, 
and sustainable development goals on the scientific agenda.

The bibliometric keyword network map (Figure 2) reveals 
that the literature on sustainable diets has a multidimen-
sional structure. Studies in which the keyword “sustainable 
diet” appeared in at least one of the title, abstract, or key-
words were retrieved from the Scopus database; the total 
of 14,536 publications obtained were considered in the cre-
ation of the analysis graph. The concepts of “sustainability,” 

“nutrition,” “diet,” and “health,” which occupy central posi-
tions in the network analysis, form the core axis of studies 
in this field. Surrounding these concepts, there is a concen-
tration of environmental impact-focused keywords such as 

“climate change,” “environmental sustainability,” “life cycle 
assessment,” “greenhouse gas emissions,” and “water foot-
print.” This indicates that research on sustainable diets is 
not limited to nutritional adequacy alone but also compre-
hensively addresses environmental impacts.

The distinct clusters identified in the network map reveal 
the thematic trends in the literature. While concepts such 
as “sustainable diets,” “food consumption,” “public health,” 
and “diet quality” stand out in one cluster, it is evident 
that these studies focus primarily on dietary patterns, diet 
quality, and public health. In another cluster, terms such 
as “aquaculture,” “protein,” “functional food,” and “gut mi-
crobiota” are concentrated, suggesting that this field is de-
veloping around sustainable protein sources and functional 
foods. Additionally, clusters containing concepts such as 

“circular economy,” “waste management,” and “efficiency” 
represent research aimed at the sustainability of food sys-
tems and resource efficiency.

In the literature, the Mediterranean diet stands out as a di-
etary pattern frequently highlighted within the framework 
of sustainable dietary approaches. Due to its plant-based 
composition, low environmental footprint, and positive 
health effects, this model is reported to offer a sustainable 
option from both environmental and public health per-
spectives. The results of bibliometric analyses reveal that 
this approach is being cited in an increasing number of 
studies. When publication trends and keyword networks 
are evaluated together, it becomes evident that the topic of 

Figure 2: Network map generated from a search using the keyword “Sustainable Diet”.
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highest environmental impact in terms of carbon footprint, 
water use, and land use. It is stated that these dietary pat-
terns may pose risks in the long term, both for the environ-
ment and for public health.

The Mediterranean Diet stands out in the literature as the 
sustainable dietary model with the strongest scientific evi-
dence. The vast majority of studies published between 2022 
and 2024 report that the Mediterranean Diet offers a low 
carbon footprint, high nutrient density, and economic feasi-
bility. Similarly, locally and culturally based dietary models, 
such as the Japanese and traditional African diets, are also 
seen to hold significant potential in terms of sustainability. 
Table 1 demonstrates that sustainable dietary approaches 
show a common trend on a global scale; plant-based, local, 
and balanced dietary models are the most suitable options 
from both environmental and health perspectives. These 
findings are consistent with the sustainable nutrition rec-
ommendations of the World Health Organization and the 
Food and Agriculture Organization (8,9).

sustainable diets is rapidly evolving as an interdisciplinary 
research area and offers a holistic framework that integrates 
the fields of nutrition science, environmental sciences, and 
public health.

Table 1 provides a summary of key academic studies pub-
lished between 2014 and 2025 that examine different dietary 
patterns in terms of sustainability dimensions. The studies 
reviewed were evaluated under the headings of environ-
mental, nutritional, economic, and cultural sustainability.

The literature generally shows that plant-based diets offer 
greater advantages in terms of environmental sustainability. 
The New Nordic Diet, the Mediterranean Diet, and vege-
tarian, vegan, and flexitarian dietary patterns have demon-
strated positive outcomes in terms of reducing greenhouse 
gas emissions, lowering the use of natural resources, and 
improving nutritional quality. In particular, numerous 
studies have emphasized that reducing meat consumption 
lowers the environmental impact by 30–50 percent. It has 
been noted that diets high in animal-based foods—such as 
the Western diet, the keto diet, and the paleo diet—have the 

Table 1: Assessment of diet types in terms of sustainability.

Diet Type Sustainability 
Dimensions Article / Report Title Author(s) Source Key Fundings

EAT-Lancet 
Diet

Environmental, 
Nutritious

Food in the 
Anthropocene (2)

Willett et al., 
2019 (2) The Lancet

A plant-based global diet could 
prevent 11 million premature 

deaths.

New Nordic 
Diet

Environmental, 
Economic

The New Nordic Diet 
is an effective tool 
in environmental 

protection

Saxe et al., 
2014 (10)

The American Journal 
of Clinical Nutrition

(AJCN)

Reducing meat consumption 
lowers the environmental 

impact and costs by more than 
30 percent.

Healthy Eating 
Patterns

Environmental, 
Nutritious

Alignment of Healthy 
Dietary Patterns 

and Environmental 
Sustainability

Nelson et al., 
2016 (11) Advances in Nutrition

Plant-based diets are superior 
in terms of health and 

environmental sustainability.

Western-Style 
Diet

Environmental, 
Nutritious

Implications of the 
Western Diet for Health 

and Climate Change

Vega Mejía 
et al., 2018 

(12)
Frontiers

High consumption of meat and 
processed foods is associated 
with a high carbon footprint.

Vegetarian / 
Vegan

Environmental, 
Nutritious

Vegetarian Diets: 
Planetary Health

Fresán & 
Sabaté, 2019 

(13)
Nutrients

Vegan diets can reduce 
greenhouse gas emissions by 

approximately 49%.

Nordic Diet Environmental, 
Cultural

Environmental 
Sustainability of the 

Nordic Diet

Meltzer et al., 
2019 (14) Nutrients Local and traditional foods 

promote sustainability.

Keto / Paleo Environmental, 
Nutritious Vegan vs Paleo O’Malley et 

al., 2019 (15)

Current 
Developments in 

Nutrition

The keto and paleo diets have 
the highest carbon footprints.

Flexitarian 
Diet

Environmental, 
Economic

Cost and Greenhouse 
Gas Emissions of 
Flexitarian Diets

Kidd et al., 
2021 (16)

British Medical 
Journal (BMJ), 

Nutrition, Prevention 
& Health (NPH)

Reducing meat consumption 
leads to a significant decrease in 

GHG emissions.



202 Aycan Yıldız İ et al.

Turk J Diab Obes 2026; 10(2): 197-210

foods and serves as a reference database. The most recent 
version of the dataset was used in the analyses (27).

Data Scope and Variables

As part of this study, food definitions and classifications, 
food categories, energy content (kcal/100 g), and mac-
ro- and micronutrients were evaluated. All nutrient values 
were analyzed after being standardized to 100 grams of edi-
ble portion to ensure comparability. Micronutrient diversi-
ty was calculated based on the number of different nutrients 
reported in each food item.

Data Preprocessing

Prior to the analysis, the dataset underwent a comprehen-
sive preprocessing process. Records that were missing, du-

MATERIALS and METHODS

Study Design

This study is a cross-sectional and descriptive research 
aimed at evaluating sustainable dietary patterns in terms of 
their nutrient composition. A secondary data analysis ap-
proach was adopted, and an open-access nutrient composi-
tion database with international validity was used.

Dataset

The study utilized the FoodData Central (FDC) – Founda-
tion Foods (26, 27) dataset developed by the United States 
Department of Agriculture (USDA). The Foundation Foods 
dataset provides nutrient data based on direct laborato-
ry analyses for single-ingredient and minimally processed 

Diet Type Sustainability 
Dimensions Article / Report Title Author(s) Source Key Findings

Mediterranean 
Diet

Environmental, 
Nutritious, 
Economic

Sustainability 
Dimensions of the 

Mediterranean Diet

Bôto et al., 
2022 (17) Nutrition Journal Low carbon footprint and high 

nutritional quality.

Plant-Based 
Diets

Environmental, 
Nutritious

Environmental 
Sustainability of Plant-

Based Diets

Carey et al., 
2023 (18) Journal of Nutrition More advantageous across all 

environmental indicators.

The DASH 
Diet

Environmental, 
Nutritious

DASH Diet and 
Greenhouse Gas 

Emissions

Kling et al., 
2023 (19) Frontiers Emissions are being reduced by 

25–50 percent.

U.S. Dietary 
Patterns Environmental Five U.S. Dietary 

Patterns

Jennings 
et al., 2023 

(20)
Nutrients Omnivore diets have the highest 

environmental impact.

Mediterranean 
Diet

Environmental, 
Nutritious

Environmental and 
Health Sustainability of 
the Mediterranean Diet

Lorca-
Cámara et 

al., 2024 (21)
Advances in Nutrition

90% of the studies find the 
Mediterranean diet to be 

sustainable.

The Japanese 
Diet

Environmental, 
Nutritious

Traditional Japanese 
Diet and Sustainable 
Development Goals

Imai et al., 
2024 (22) Nutrition Journal Associated with low land and 

water use.

Traditional 
African Diets

Environmental, 
Cultural, 

Nutritious

Africa’s Contribution to 
Sustainable Diets

Oniang’o 
et al., 2025 

(23)

African Journal of 
Food, Agriculture, 

Nutrition and 
Development

(AJFAND)

Local grain- and legume-based 
diets offer high sustainability.

Chinese 
Healthy Diets

Environmental, 
Economic, 
Nutritious

Ignoring food afford-
ability biases environ-
mental assessments of 

China’s healthy diet 
transition

Wang et al., 
2026 (24)

Environmental 
Impact Assessment 

Review

Considering food affordability 
reduced the estimated 

environmental footprint by 
38.4%, supporting more realistic 

healthy and sustainable diets.

Vegan 
Mediterranean 
Diet

Environmental, 
Economic

Environmental and 
economic impact of a 

vegan versus traditional 
Mediterranean diet: 
OMNIVEG study

López-
Moreno 

et al., 2026 
(25)

European Journal of 
Nutrition

The vegan Mediterranean diet 
reduced environmental impacts 

by 43–55% and food costs 
by 16.3% compared with the 

traditional Mediterranean diet.

Table 1 Continued
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abling the simultaneous evaluation of different dimensions 
of sustainability (31).

In this context, the sustainability proxy score (SPS) was cal-
culated using the following mathematical model:

Here,

•	 SPS : Sustainable Proxy Score

•	 wi : the weight of the i-th criterion

•	 Xi 
norm : the normalized criterion value

•	 n : the total number of criteria

It can be stated that food consumption patterns, dietary 
diversity, and health-related consumption indicators are 
important parameters in the assessment of sustainable and 
healthy diets (32-35). Accordingly, the key parameters and 
their weights for the proxy indicator were determined by 
also considering the themes that emerged prominently 
from the bibliometric analysis, including sustainable diets, 
food consumption, nutrition, health, and environmental 
sustainability. Plant-based food consumption was assigned 
the highest positive weight (+0.40) due to its strong asso-
ciation with environmental sustainability, while dietary di-
versity was assigned a weight of +0.30 because it represents 
nutritional adequacy. In contrast, animal-based food con-
sumption (−0.20) and sugar intake (−0.10) were incorporat-
ed into the model as inverse indicators representing adverse 
environmental and health-related effects, respectively.

RESULTS 

In this section, sustainability indicators derived from nu-
trient data obtained from the Foundation Foods dataset 
used in the study were evaluated collectively, and the results 
were examined in the context of descriptive statistics, food 
group comparisons, correlation analyses, and bibliometric 
findings.

Figure 3 shows the numerical distribution of foods in the 
dataset by category. The highest representation is in the 
Vegetables and Vegetable Products category (≈70). This is 
followed by Fruits and Fruit Juices (≈43), Dairy and Egg 
Products (≈42), Grains and Pasta (≈41), and Legumes (≈37). 
Nuts and seeds are represented at a moderate level (≈20), 
while animal products (beef, fish, poultry, etc.) and pro-
cessed food groups contain a lower number of samples. This 

plicated, or unsuitable for the purpose of the analysis were 
excluded from the study. Foods were classified according 
to the official food categories listed in the FoodData Cen-
tral database. Additionally, for the purposes of comparative 
analysis, foods were divided into two main groups: plant-
based and animal-based.

Data Cleaning

A separate data cleaning step was performed independent-
ly of the data preprocessing process. During this step, re-
cords containing missing or blank values in any row were 
completely removed from the dataset, as they could com-
promise the accuracy of statistical calculations. In addition, 
data standardization was achieved by correcting spaces and 
spelling errors before and after unit labels in the dataset. 
This enhanced the consistency and reliability of the analyses.

Statistical Analysis

Descriptive statistical methods were used in the analysis of 
the data. The average energy density by food group, micro-
nutrient diversity, and the distribution of energy between 
plant-based and animal-based foods were evaluated com-
paratively. The findings were visualized using graphs and 
interpreted in the context of sustainable dietary patterns. 
The analysis results were examined in line with the Medi-
terranean diet model and the World Health Organization’s 
(WHO) recommendations for healthy eating. Additionally, 
the concept of a sustainable diet was evaluated by linking it 
to the findings of bibliometric analyses found in the existing 
literature.

Since sustainability is a multidimensional concept that is 
difficult to measure directly, such complex structures are 
typically assessed quantitatively in the literature using proxy 
indicators. The proxy approach relies on representing con-
cepts that cannot be measured directly through measurable 
variables and is widely used, particularly in studies involv-
ing the creation of composite indices (28). In this context, 
composite scores are generated by combining indicators 
that represent different dimensions—such as nutrition, en-
vironmental impact, and economic accessibility—in sust    
ainability assessments (29, 30).

In this study, sustainability was represented through se-
lected indicators rather than being measured directly, re-
sulting in the creation of the Sustainability Proxy Score 
(SPS). This approach is conceptually consistent with the 
Sustainable Diet Index (SDI) framework, which assesses the 
multidimensional structure of sustainable diets, but offers 
a data-driven and more flexible model (29). Furthermore, 
the process of creating such composite scores aligns with 
the multi-criteria decision analysis (MCDA) approach, en-
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Figure 5 shows the top 10 foods with the highest fiber con-
tent per unit of energy in the Foundation Foods dataset. In 
terms of fiber density, raw kale ranks first with a value of 
approximately 12 g/100 kcal, followed by raw lettuce (cos 
or romaine) and lion’s mane mushrooms. Shiitake mush-
rooms and raw eggplant also stand out among foods with 
high fiber density. Additionally, white sorghum bran, fro-
zen carrots, pickled cucumbers, maitake mushrooms, and 
raw collard greens are among the top 10. Overall, the pre-
dominance of vegetables and mushrooms in the ranking 
indicates that these foods provide a high amount of fiber 
relative to their low energy content, offering a strong nutri-
tional profile in terms of fiber per unit of energy.

distribution indicates that the dataset consists primarily of 
plant-based/minimally processed foods.

Figure 4 shows the average protein–fiber profile of the cat-
egories (dot size = number of foods in the category). Nuts 
and seeds have the highest fiber content and are also high 
in protein. Legumes have one of the highest protein levels, 
while their fiber content is moderate to high. Grains rank 
relatively high in fiber. In contrast, dairy and egg products 
have high protein content but very low fiber content. Fruits 
and vegetables have low-to-moderate fiber content and low 
protein; beverages, on the other hand, are the group with 
the lowest levels of both protein and fiber.

Figure 3: Numerical distribution of foods in the dataset by category.

Figure 4: Average protein–fiber profile of the categories.
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distinctly right-skewed. A significant portion of the foods is 
clustered in the low-energy range, forming a dense peak in 
this region. In addition, the density curve shows that energy 
values are not concentrated in just a single range; there is 
also a second concentration at moderate energy levels. As 
energy values increase, the frequency of observations de-
creases, and the distribution forms a long tail, indicating 
that a small number of products have very high energy 
density. This result shows that, on the one hand, the dataset 
predominantly includes low-energy-density groups such as 
fruits and vegetables, while on the other hand, it also in-
cludes high-energy-density options such as nuts/seeds or 
certain concentrated products.

Figure 6 shows the top 10 foods in the Foundation Foods 
list with the highest protein density (g/100 kcal). The major-
ity of the list consists of fish and seafood (e.g., cod, haddock, 
pollock, tuna, tilapia; as well as crab and shrimp), while low-
fat animal sources such as egg whites and skinless chicken 
breast also rank high on the list. This finding indicates that 
the options with the highest protein density are predomi-
nantly lean animal sources, and that fish/seafood and lean 
poultry stand out as particularly effective choices for in-
creasing protein intake.

Figure 7, when examining the energy (kcal) distribution of 
the foods in the dataset, it is evident that the distribution is 

Figure 5: The top 10 foods with the highest fiber density (g/100 kcal) in the Foundation Foods database.

Figure 6: The top 10 foods with the highest protein density (g/100 kcal) in Foundation Foods.
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Figure 9 shows the relationship between energy (kcal) and 
protein (g) by category. Vegetables and fruits are clearly 
clustered in the low-energy, low-protein region. Legumes 
and grains occupy a broader range, reaching higher protein 
values at medium-to-high energy levels. Poultry, beef prod-
ucts, and certain dairy and egg products, however, are posi-
tioned in higher-protein regions, distinguishing them from 
the plant-based groups. Overall, it is evident that protein 
levels are strongly dependent on both energy and category.

Figure 10 shows the Pearson correlations between nutri-
ents and derived metrics. Energy is positively correlated 
with fat (r = 0.80), protein (r = 0.59), fiber (r = 0.58), and 
carbohydrates (r = 0.50). The relationship between sugar 
and carbohydrates is strong (r = 0.72), indicating that sugar 
largely reflects the carbohydrate content. There is a mod-
erate positive relationship between fiber and carbohydrates 
(r = 0.51). In derived density metrics, fiber density (Fiber_
per_100kcal) shows a significant negative correlation with 
energy (r = −0.52); that is, as energy increases, fiber per 100 
kcal may decrease. Similarly, fiber density shows a negative 
relationship with carbohydrates (r = −0.38), fat (r = −0.35), 
and protein (r = −0.43). While a positive relationship was 
found between protein density (Protein_per_100kcal) and 
total protein (r = 0.51), a negative relationship with carbo-
hydrates is noteworthy (r = −0.36). The sodium variable, on 
the other hand, generally shows weak correlations with oth-
er nutrients (|r| is typically low).

Figure 8 shows that when examining the distribution of pro-
tein density (protein per 100 kcal, g/100 kcal) for the foods 
in the dataset, the majority of observations are concentrated 
in the low-to-medium range. In particular, a significant por-
tion of the values are clustered in the 0–5 g/100 kcal range, 
forming a distinct peak in this interval. It is noteworthy that 
as protein density increases, the number of foods decreases 
gradually, and the distribution exhibits a right-skewed pat-
tern. Higher protein densities are rare; values above approx-
imately 10 g/100 kcal are observed in only a limited number 
of products, while the 15–25 g/100 kcal range represents 
the small number of foods with high protein density. This 
finding indicates that while protein-rich options are present 
in the dataset, they are numerically fewer in the sample; in 
contrast, foods with low protein density (such as vegetable- 
and fruit-dominated groups) are more prevalent.

Figure 7: Graph showing the energy distribution of foods.

Figure 8: Protein density (g/100 kcal).
Figure 9: The relationship between energy (kcal) and protein (g) 
in foods.
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Figure 10: Heat map showing the 
correlation between nutrients and derived 
metrics.

Figure 11: Distribution of the sustainability representation score 
(0–100) by food group.

Figure 12: A bubble chart showing the relationship between ener-
gy (kcal) and protein (g) in foods.

Figure 11 shows the distribution of sustainability percep-
tion scores (0–100) by the “plant-based,” “animal-based,” 
and “other” groups. The distribution indicates that scores 
in the plant-based group are both higher and spread across 
a wider range, and that the median is higher than that of 
the other groups. Scores in the “other” group are general-
ly moderate, with noticeable variation. In contrast, scores 
in the “animal-based” group cluster within a narrow range; 
the narrow distribution indicates that foods in this group 
are more homogeneous in terms of sustainability scores 
and have lower values. Overall, the results show that, based 
on the definition of representativeness used, sustainability 
scores are ranked in the order of plant-based > other > an-
imal-based.

Figure 12 illustrates the relationship between energy (kcal) 
and protein (g) in foods using a bubble chart; the size of 
the bubbles represents sodium content, while the color rep-
resents the sustainability score. The graph shows that a sig-
nificant portion of the products in the low-energy–low-pro-
tein region have higher sustainability scores (warm colors). 
In contrast, as energy and protein levels increase, it is nota-
ble that scores decrease in some cases (indicated by an in-
crease in cool colors). Based on bubble size, it appears that 
high sodium levels may be particularly pronounced in some 
products within the medium-to-high energy range. Overall, 
the figure demonstrates that nutrition planning should con-
sider not only energy and protein but also indicators such as 
sodium load and sustainability scores.
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results support holistic approaches to sustainable diets that 
address both health and environmental dimensions (2-4).

CONCLUSION

This study presents both a theoretical and data-driven as-
sessment of the concept of a sustainable diet within the 
framework of nutritional adequacy, environmental impacts, 
and the long-term resilience of food systems. A bibliomet-
ric analysis of the current literature reveals that research 
on sustainable diets has focused in recent years on climate 
change, life cycle analysis, plant-based diets, and the Med-
iterranean diet; this indicates that the relationship between 
nutritional science and environmental sustainability is 
growing stronger. The findings support the notion that the 
sustainable diet approach is not limited to individual health 
alone but offers a holistic framework that encompasses en-
vironmental and social dimensions.

Analyses conducted using the USDA FoodData Central 
“Foundation Foods” dataset revealed that vegetables, fruits, 
whole grains, and legumes are key components of sus-
tainable dietary patterns due to their high nutrient density 
and relatively low energy density. The fact that these food 
groups provide adequate amounts of protein and fiber in-
dicates that they support a dietary model consistent with 
both nutritional adequacy and environmental sustainability 
goals. An assessment conducted in conjunction with Eu-
rostat data points to a growing trend toward plant-based 
diets across Europe.

However, the concentration of processed foods—which are 
high in sodium and saturated fat—in certain food groups 
stands out as a significant barrier to achieving sustainable 
dietary goals. This finding underscores the importance of 
strategies aimed at limiting processed food consumption in 
the development of healthy and sustainable nutrition pol-
icies. In conclusion, the study’s findings indicate that pro-
moting plant-based dietary patterns, increasing the avail-
ability of nutrient-dense foods, and strengthening public 
health policies in this direction are essential for encourag-
ing sustainable diets.

The study’s limitations include the fact that the USDA Food-
Data Central – Foundation Foods dataset used in the study 
contains only 316 foods, that the sustainability assessment 
was based on a limited number of nutritional indicators 
such as energy, protein, and fiber density, and that the gen-
eralizability of the findings to different food groups and the 
environmental, economic, and sociocultural dimensions of 
sustainability is limited.

DISCUSSION

The findings of this study demonstrate that plant-based di-
etary patterns—which form the foundation of sustainable 
dietary approaches—offer a more advantageous profile in 
terms of both nutritional quality and health indicators. In 
particular, the prominent presence of vegetables, fruits, le-
gumes, and whole grains in the dataset is consistent with the 
plant-based dietary approach frequently emphasized in the 
literature on sustainable diets (1,2,8,9).

Sodium analyses indicate that high sodium content is 
primarily concentrated in processed and animal-based 
products. Cheese varieties, processed meat products, and 
pickled foods contain significantly higher levels of sodi-
um compared to fresh vegetables and fruits. This finding is 
consistent with previous studies showing that the primary 
source of excessive sodium intake is not natural foods but 
rather the degree of food processing (36). Furthermore, this 
supports reports indicating that the daily sodium limits rec-
ommended by the World Health Organization are mostly 
exceeded through the consumption of processed foods.

The relationship between dietary fiber and energy density 
has been examined, and it has been observed that foods high 
in fiber generally have low or moderate energy density. This 
finding is consistent with studies reporting that fiber-rich 
diets may reduce total energy intake by increasing feelings 
of fullness and, in the long term, may lower the risk of obe-
sity (5,6,37). Legumes and whole grains, in particular, are 
among the key components of sustainable diets due to both 
their high fiber content and relatively low environmental 
resource requirements.

When evaluating the energy contribution of macronutri-
ents, it was observed that in plant-based foods, the majori-
ty of energy comes from carbohydrates, whereas in animal 
products, energy from fat is more predominant. This distri-
bution is significant, particularly in light of studies demon-
strating the association between saturated fat intake and the 
risk of cardiovascular disease (38). In this context, it can be 
said that the Mediterranean diet—which emphasizes unsat-
urated fats such as olive oil—offers an appropriate approach 
in terms of both fat quality and overall nutritional balance 
(7, 39,40).

Overall, the findings of this study show that the concept of 
a sustainable diet is not limited to environmental impacts 
alone; it also provides a robust framework in terms of nu-
tritional quality, reducing the risk of chronic diseases, and 
promoting a healthy lifestyle (41-43). In this regard, the 
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